Experiences of treating graywater by soil natural treatment systems have not been widely reported. In general terms, graywater has a lower concentrations of organic matter; nutrients (e.g. nitrogen), and microorganisms than combined wastewater; therefore, the graywater treatment capacity of soil should be evaluated. In this study, the performance of a natural soil treatment system was evaluated when shower graywater from a house located at Sapporo City, Japan, was treated by a layer of 30 cm of soil from the Hokkaido University Campus. Results showed very high removal efficiencies of chemical oxygen demand (98%) and Kjeldahl nitrogen (95%) at high infiltration rates (214 cm/d), which denotes that natural soil treatment systems could be a good alternative to treat lower load graywater.
Introduction
The Onsite Wastewater Differentiable Treatment System (OWDTS) introduced by Lopez Zavala et al. (2002) , Figure 1 , conceives the fractioning of household wastewater into three categories, reduced-volume black water, higher-load graywater (HLGW) and lowerload graywater (LLGW). The treatment of HLGW is thought to be conducted by a membrane bioreactor, characterized by high performance and small footprint, whose effluent will be disposed into a controlled soil natural treatment system (CSNTS). The LLGW will be directly disposed into a CSNTS, where degradation of pollutants will be naturally performed by physicochemical and biological processes occurring in the soil -water ecosystem. Here, it is called a controlled system because the disposal or reuse of the treated effluent is conducted under controlled conditions. Experiences of treating graywater by soil natural treatment systems have not been widely reported. In general terms, graywater has lower concentrations of organic matter, nutrients (e.g. nitrogen) and microorganisms than combined wastewater. However, the concentration of phosphorus, heavy metals and xenobiotic organic pollutants are around the same levels (Jenkins, 1998; Santala et al., 1998; Almeida et al., 1999; Nolde, 1999; Gunther, 2000; Ledin et al., 2001; Eriksson et al., 2002; Garland et al., 2004) . Low concentration of nitrogen may limit the biological processes in the soil system; therefore, evaluation of biodegradation efficiency of LLGW pollutants in a controlled SNTS (labscale) was the aim of this study. Because aerobic microbial activity in the soil system mainly occurs in the first 30 cm from the soil surface, three soil columns of 30 cm each were used during the experiment. The soil surface was not covered with vegetation because the microbial activity only was the target.
Materials and methods experimental device
The experimental device used in this study consisted of three soil columns through which graywater was infiltrated for treatment. The soil containers were made of Lucite ( Figure 2 ). The inner diameter of the soil containers was 9.4 cm; the length of all containers was approximately 50 cm and the bottom ended in a conical shape. Graywater was supplied into the soil columns by using a high precision pulse-pump with a maximum discharge capacity of approximately 50 ml/min and ten flow rate levels. Graywater was pumped from plastic containers (pet bottles) with 2.0 L capacity.
Treated graywater (water drained from soil columns) was also collected in 2.0 L capacity pet bottles. All graywater used was stored in a refrigerator at a temperature of about 3 to 48C.
Determination of soil particles size distribution
Soil texture and structure are important physical properties due to their influence on soil hydraulic characteristics, such as infiltration rates and permeability. In this study, particles size distribution of soil from Hokkaido University Campus was determined by sieving using nine different sizes of mesh. Thus, nine different fractions were set, from , 0.25 mm to . 2.36 mm. Graywater from a shower of a house located in the city of Sapporo, Japan was used in this study. Several graywater samples were collected when taking the shower and stored in a refrigerator at about 3 to 48C. No more than 1 day old 100 ml samples were filtrated by using 0.45 mm filter paper. Chemical oxygen demand (COD) analyses were conducted for raw graywater and filtered graywater samples. Thus, soluble and particulate organic matter contained in graywater was determined for several samples. Additionally, parameters such us pH, electrical conductivity (EC), Kjeldahl nitrogen (K-N), ammonia nitrogen (NH 4 -N), fluorine (F), chlorine (Cl), nitrites (NO 2 ), nitrates (NO 3 ), phosphates (PO 4 ), sulfates (SO 4 ), sodium (Na), potassium (K), magnesium (Mg), and calcium (Ca) were determined in each sample. All determinations were conducted by using standard methods for water and wastewater analysis (APHA et al., 1989) .
Graywater treatment tests
After preparing the soil columns, distilled water was added into each column to cause the lixiviation of dissolved organic matter already contained by the soil. Thus, several "washing events" of soil were conducted until reaching a quite low turbidity in water drained from the soil columns.
Graywater was treated into two soil columns as follows. Two litres of raw graywater were pumped from the 2 L plastic containers using a high precision pulse-pump and then supplied to the soil column. Additionally, two litres of distilled water were also supplied into a third soil column in order to determine the contribution of the organic matter already contained by the soil on the graywater treatment process (blank). Water effluents drained from the soil columns were collected into 2 L plastic containers. Eight different infiltration rates 13.1, 24.3, 49.8, 74.7, 121.3, 155 .9, and 213.7 cm/d were evaluated.
Soil temperature under which the treatment process occurred and the volume of water effluents collected from each soil column were measured. A 100 ml sample from each collected effluent was filtrated by using 0.45 mm filter paper. Chemical oxygen demand (COD) analyses were conducted for raw effluent and filtered effluent samples. Additionally, parameters such us pH, electrical conductivity (EC), Kjeldahl nitrogen (K-N), ammonia nitrogen (NH 4 -N), fluorine (F), chlorine (Cl), nitrites (NO 2 ), nitrates (NO 3 ), phosphates (PO 4 ), sulfates (SO 4 ), sodium (Na), potassium (K), magnesium (Mg), and calcium (Ca) were determined in each sample. All determinations were conducted by using standard methods for water and wastewater analysis.
Results

Graywater water characterization
From the chemical analyses of 8 samples, it was found that the shower graywater has an average organic load of 374.4 mg COD/L. From this, approximately 65% is particulate and 35% soluble (Figure 3 ). Nitrogen load resulted to be about 11.6 mg T-N/L from which 88% was O-N, 6% NH 4 and 6% NO 3 (Figure 4) . Average values of the rest of the parameters are summarized in Table 1 . Comparing these data with that reported for the XCOD 65% SCOD 35% Figure 3 Organic composition of graywater from the shower M.A. Ló pez-Zavala primary effluent from the municipal wastewater treatment plant (Henze et al., 1995) , we found that graywater from shower contains 5% more soluble organic matter and more O-N than primary effluent from municipal wastewater treatment plants.
Organic load removal
The effect of infiltration rates on the organic load of the effluent from soil columns can be seen in Figure 5 . At low infiltration rates it is interesting to note that COD of the distilled water effluent is greater than the shower treated effluent. This means that presence of organic matter in graywater contributed to better performance of removal processes (biological, physical, or both) that occurred into the soil. At high infiltration rates, the COD of distilled water effluent and graywater treated effluent are of similar magnitude. This means that COD contained in the graywater treated effluent is given by the natural soil contribution. In other words, naturally, the ground loses organic matter through its profile during the water infiltration process. These losses nevertheless do not affect the removal rates of organic matter contained in graywater, further more such removal rates O-N 88% NO 3 6% NH 4 6% Figure 4 Nitrogen composition of graywater from the shower seem to be remarkably unaffected by the magnitude of infiltration rates. However, more long term research is needed to have more conclusive results in this respect. Figure 6 shows the organic load removal, in terms of removal efficiency of COD, observed during the performance of graywater treatment tests for different infiltration rates. In this figure two results are plotted. The data denoted by rectangles correspond to total removal efficiencies of COD that include the contributions of the soil to the effluent organic load because soil already contained soluble organic matter which is drained during tests. The removal efficiencies denoted by circles were estimated after subtracting the contributions of soil to the organic load of the effluent drained from the soil columns. The contributions of soil were estimated from the tests conducted exclusively with distilled water. In both plots, a steady decreasing tendency of removal efficiency was observed as infiltration rates increased. Even though, the removal efficiencies are quite high at the highest infiltration rate, 90% when soil contribution is considered and 98% in the opposite case.
Nitrogen removal
Regarding the nitrogen removal, it was observed that concentrations of Kjeldahl nitrogen (K-N) in the treated effluents were of the order of 3 mg/L, irrespective of the infiltration rates (Figure 7) . Furthermore, such K-N loads in the treated graywater effluents were similar to those K-N concentrations measured in effluents produced when only distilled water was supplied. This means K-N loads in treated graywater effluents are given by soil contributions. In Figure 8 , removal efficiencies of K-N are plotted. Similarly to Figure 6 , rectangles denote removal efficiencies when soil contributions are considered and circles represent results without soil contributions. Both plots presented steady decreasing trends as infiltration rates increased; however, the difference in removal efficiencies at low and high infiltration rates is on the order of 5% or even smaller. In this figure, the soil contributions on removal efficiencies of K-N are very clear in comparison with COD removal efficiencies, where contributions of soil reduced approximately 4% the removal efficiency; whereas in the case of nitrogen, the soil contributions decreased 25% the removal efficiencies. Regarding no soil contributions, the removal efficiency of K-N at the highest infiltration rate evaluated was about 95%, which is quite a good result.
Discussion
As shown above, the potential of a soil system to remove organic matter and nitrogen (as a K-N) is quite high, even at high infiltration rates. In comparison with recommendations made by Reed et al. (1995) for soil Slow Filtration and Rapid Filtration systems when domestic wastewater is treated. The infiltration rates that allow good removal efficiencies of organic matter and nitrogen loads when graywater is treated are greater. This means that more compact soil systems are potentially possible. However, considering that in this study only batch tests were conducted, results here presented should be managed with care. Necessarily, more research is needed in which long term operation can be evaluated. In addition, formation and migration of other nitrogen species such as nitrates, nitrites and nitrogen gas, migration and degradation of xenobiotic compounds and traces of organics must be evaluated in order to have a complete figure for nitrogen transformation and degradation performance of the soil system.
Qualitative and quantitative description of the kinetics of removal processes that occur in the soil matrix, development of a mathematical model for that purpose and establishment of design and operation criteria are studies that will be undertaken shortly.
Conclusions
The OWDTS is an affordable approach with high potential for improving traditional OWTS, dry ecological sanitation, recycle of resources (nutrients and water), conservation of water resources, etc.
Unlike conventional SNTS, implementation of CSNTS will allow a controlled disposal or reuse of treated graywater that will prevent risks of groundwater contamination, guarantee water quality requirements and enhance the potential of water reuse at household level.
Good treatment performance of domestic graywater is potentially achieved in the CSNTS. More compact soil systems are expected in comparison with SNTS that treat domestic wastewater. 
